edicare Part D prescription drug plans must offer medication therapy management (MTM) services to qualified enrollees. The purpose of MTM is to promote appropriate use of medicines and to optimize therapeutic outcomes through a combination of patient education, prescriber interventions, and referrals for specialized services such as disease management. Centers for Medicare & Medicaid (CMS) regulations require that all Part D beneficiaries enrolled in an MTM program receive an annual comprehensive personto-person medication review followed by quarterly updates, interventions with prescribers where warranted, and a written summary of recommendations.
• According to clinical practice guidelines, most elderly patients with diabetes should be taking an angiotensin-converting enzyme inhibitor or angiotensin receptor blocker for hypertension control and prevention of kidney disease. Similarly, patients with heart failure should be prescribed beta-blockers, and chronic obstructive pulmonary disease (COPD) patients should take controller medications to prevent acute exacerbations of the disease. Studies have shown that adherence to these drugs tends to be suboptimal in conventional practice.
What is already known about this subject
• Almost all Part D plans target diabetes and heart failure as conditions eligible for medication therapy management (MTM) review, and more than half of plans target COPD.
• The effectiveness of MTM interventions has been demonstrated in small focused studies primarily restricted to non-Medicare beneficiaries.
• MTM programs targeted to Part D enrollees with high drug spending, multiple comorbidities, and multiple Part D medications miss many individuals who fail to take evidence-based medications or exhibit poor adherence to them.
• Part D plans can better target enrollees with poor adherence by lowering the number of drugs required for MTM review. We estimate that lowering the maximum required drug count from 8 to 2 would increase the percentage of beneficiaries eligible for MTM eligibility by two thirds.
• Because many chronic medications are intended to be taken over a lifetime, it is important for MTM programs to monitor Part D enrollees' drug utilization patterns over several years.
We are aware of no published studies that have evaluated how well MTM targeting criteria perform in this regard. Several studies have shown that increased comorbidity burden results in declining drug adherence, [13] [14] [15] and we thus hypothesized that plans restricting MTM eligibility to persons with at least 3 specific chronic conditions would capture a population with higher risk of nonadherence compared with plans that required a minimum of 2 chronic conditions. We had no prior expectations regarding the relationship between suboptimal drug use and medication counts, as the literature is mixed on that score with some studies suggesting that adherence is lower among those with more drugs in their regimens [16] [17] [18] and others supporting the opposite conclusion.
19- 21 We also assessed the relationship between suboptimal drug use and annual Part D drug spending. While all Part D plans must offer MTM services to beneficiaries who meet the annual projected drug spending criterion (as long as these individuals also meet their plan's comorbidity and drug count criteria), we wanted to test whether other drug spending cutoff points might improve the sensitivity of MTM targeting. Finally, we tracked our study cohort for 3 years (2006) (2007) (2008) to determine whether the nexus between drug utilization patterns and MTM eligibility varied over time.
Study Sample
Study subjects were selected from a random 5% sample of Medicare beneficiaries beginning on January 1, 2006, and followed through December 31, 2008, or 
Measures
We used MTM eligibility criteria for the modal Part D program in 2011 as our guide in the evaluation, since that was the most recent year for which such data were available at the time we conducted the analysis. According to CMS, the modal plan that year set MTM eligibility thresholds at $3,000 in projected annual Part D drug spending, 3 chronic conditions, and 8 different Part D drugs. 10 We used actual Part D spending to operationalize the MTM projected spending criterion.
Medicare MTM programs given differences in eligibility criteria and intervention strategies. A few published case studies of Medicare MTM performance report limited improvements in medication regimens, but the results are not generalizable to the Medicare population at large. [6] [7] [8] [9] To meet minimum MTM eligibility criteria for 2013, beneficiaries must have projected annual drug spending of at least $3,144, 2 or 3 specific chronic conditions, and be taking a minimum of 2 to 8 different Part D drugs. 10 Although some Part D plans offer MTM services to their entire membership, plans typically select eligibility criteria that result in relatively few enrollees being targeted. CMS reports that the percentage of Part D enrollees receiving MTM nationwide actually declined from 11% in 2008 to 9.1% in 2010. 11 As a result, many beneficiaries who might benefit from MTM are denied the opportunity. With such narrow targeting, it is vital that federal policymakers and Part D plan managers understand whether enrollees most in need of MTM have access to these services.
We designed the analysis reported in this article to help address that concern. Our first objective was to evaluate potential underuse of and poor adherence to evidence-based medications used in the treatment of Medicare beneficiaries with common chronic diseases over a period of several years. Findings related to this objective provide the empirical basis for assessing whether MTM eligibility criteria identify Part D enrollees at the greatest risk of underuse of and adherence to these drugs (objective 2). Our third objective was to establish the degree to which changes in eligibility criteria would affect the share of Part D enrollees offered MTM.
■■ Methods
Although federal statistics on which Part D enrollees received MTM services are not available to researchers outside of CMS, it is possible to identify potential recipients based on the planlevel MTM eligibility requirements reported to CMS. We used such information in conjunction with Part D claims and diagnostic indicators from Part A and B claims to investigate use of and adherence to evidence-based medications to treat Medicare Part D enrollees with diabetes, congestive heart failure (CHF), and chronic obstructive pulmonary disease (COPD). Part D plans have wide latitude in selecting specific conditions for MTM eligibility but must include at least 4 among a "core" set of 7 diseases: diabetes, heart failure, hypertension, dyslipidemia, respiratory disease (including COPD), bone disease, and mental health disorders. In 2011, 97% of Part D plans indicated they selected diabetes for MTM review, 95% selected CHF, and 58% selected COPD. 12 Because treatment regimens for all 3 conditions typically require long-term medication use, one way to evaluate the effectiveness of MTM targeting for such individuals is to determine whether plan-level MTM eligibility criteria identify those most at risk for suboptimal drug utilization behavior over an extended period of time (3 years in our case).
We employed 2 approaches to assess the relationship between suboptimal medication use and comorbidity burden. First, we subdivided the sample into 7 mutually exclusive cohorts: 3 cohorts restricted to beneficiaries with only 1 of the selected diseases (diabetes = 84,746, CHF = 43,080, COPD = 24,361); 3 cohorts with 2 of the 3 diseases (diabetes + CHF = 37,408, diabetes + COPD = 9,457, CHF + COPD = 17,029); and a final cohort with all 3 conditions (n = 17,303). Figure 1 presents a flowchart showing how these subgroups were selected from the random 5% Medicare sample. These divisions permitted us to observe drug utilization patterns both among Medicare beneficiaries with low levels of comorbidity (an under-studied area in drug adherence) and among beneficiaries with specific combinations of chronic diseases commonly encountered in practice. We also employed a more general comorbidity cut point that classified individuals as having < 3 or ≥ 3 of the CMS "core" diseases during the baseline 2006 year: diabetes, CHF, COPD, hypertension (ICD-9-CM 401.xx -404.xx), dyslipidemia (ICD-9-CM 272.0 -272.2), osteoarthritis (ICD-9-CM 715.xx), and depression (ICD-9-CM 311.xx).
CMS does not explicitly specify the period over which use of different drugs must occur for MTM eligibility, so we contacted 8 of the 10 largest Part D plans and determined that monthly use of 8 different chronic care drugs was the most common requirement. 22 We then operationalized the Part D medication count criterion using a Red Book flag for drugs indicated for chronic care use. 23 We assessed drug utilization patterns within each disease cohort using Part D prescription drug event (PDE) files, focusing on a single evidence-based drug class for each disease: angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs) for diabetes, 24 beta-blockers for heart failure, 25 and controller or maintenance medications (long-acting beta agonists, inhaled corticosteroids, anticholinergics, or methylxanthines) for COPD. 26 For the multiple disease cohorts, we tracked utilization of each evidence-based drug class separately; for example, ACE-inhibitors/ARBs and controller drugs for the cohort with diabetes plus COPD. We determined whether beneficiaries had any drug exposure in each study year. For beneficiaries who filled at least 1 prescription for an evidence-based drug, we calculated monthly average adherence rates using the percentage of days covered (PDC) metric recommended by CMS and the Pharmacy Quality Alliance (PQA). 27 PDC values were defined as days' supply Diabetes + CHF n = 37,408 Diabetes + COPD n = 9,457 CHF + COPD n = 17,029 
Analytic Strategy
We prepared descriptive cross-tabulations showing changes in drug use over time, highlighting the proportions reaching and failing to reach eligibility thresholds for the modal 2011 MTM plan. We tested for statistically significant differences between the 2 sets of proportions using t-tests with the P value set at < 0.05. Next, we demonstrated how exposure and adherence to evidence-based medications varied by disease cohort, MTM eligibility criteria, and year. Finally, we examined characteristics of 2008 survivors to see how potential policy changes in MTM thresholds would affect the percentage eligible for MTM intervention that year.
This study was approved by the University of Maryland Baltimore's Institutional Review Board.
■■ Results
As shown in Panel 1 of Table 1 , beneficiaries with the 3 conditions exhibited markedly different profiles. Panel 2 of the same table shows longitudinal changes within each cohort over the study period. Cumulative death rates varied between 13% (diabetes alone) and 51% (diabetes + CHF + COPD). Survivors in each cohort had between 0.4 and 0.8 new core comorbidities over the 3-year span. Mean annual Part D spending grew by between 10% and 19%, while mean monthly counts of Part D medications grew by between 5% and 12%.
Panel 3 of Table 1 shows proportions of each cohort meeting and not meeting the modal 2011 MTM criteria set. Had the 2011 criteria been applied in 2006-2008, relatively few beneficiaries in our samples would have been eligible for MTM services. Eligibility rates were higher among those with greater disease burden. In each year, the main reason for exclusion was use of fewer than 8 medications per month, followed by drug spending and comorbidity counts. Except for the 3 cohorts restricted to just a single condition, the MTM chronic condition criterion excluded few beneficiaries, and even in these cohorts, a greater share of beneficiaries failed the drug count or drug spending criteria than the chronic condition criterion. Table 2 shows the proportion of beneficiaries taking drugs in each medication class. Overall exposure was low, particularly for COPD controller medications. About 50% of beneficiaries with COPD took recommended medications in 2006 and 2008. For heart failure patients, exposure to beta-blockers varied between 46% and 63% depending on comorbidities. Fewer than 68% of beneficiaries with diabetes took an ACEinhibitor or ARB even if they had concomitant heart failure. Except for COPD patients, exposure rates rose slightly over time. Exposure was consistently higher among those with drug spending ≥ $3,000, core comorbidities ≥ 3, and monthly medications ≥ 8.
Adherence among users of evidence-based medications was also low ( Table 3 ). The worst performance was among COPD patients, with fewer than 35% having PDC values of 0.8 or better. Proportions of beneficiaries with good adherence to other drug classes ranged between 48% and 61%. Higher drug spenders had better adherence rates than lower spenders with a similar pattern evident among beneficiaries taking ≥ 8 chronic medications compared with those taking fewer medications. These concurrent patterns explain why adherence rates were consistently higher among those meeting the modal 2011 MTM criteria compared with those who did not (P < 0.001 for all contrasts). Table 4 shows how changing MTM criteria thresholds would affect the percentage of 2008 survivors eligible for MTM intervention. The first point of interest is that for our sample MTM eligibility is insensitive to the selection of 2 (Panel 1) or 3 (Panel 2) chronic conditions. Corresponding cells in each panel differ within a very narrow range of 0.6% and 5.5%. The second point is that dropping the annual drug spending threshold from the 2011 level of $3,000 would have virtually no impact as long as Part D plans are able to restrict MTM eligibility to beneficiaries with a minimum of 8 Part D drugs a month. As shown in the bottom rows of each panel, even eliminating the annual drug spending criterion would increase MTM eligibility by less than 6 percentage points among plans using the 8-drug threshold. The policy with the greatest impact on MTM eligibility is drug counts. A requirement that plans use the current-law minimum of 2 different drugs would increase MTM eligibility from about 31% to nearly 52% in our sample.
■■ Discussion
We found that use of evidence-based medications among Medicare Part D enrollees with diabetes, CHF, and COPD was suboptimal by virtually any standard of care. Although one would not expect every beneficiary in each disease cohort to be a candidate for the medication classes selected for evaluation, most patients with these diseases are likely to benefit based on current guidelines. [24] [25] [26] Our data provide numerous indications of systematic underuse of these drugs. A few examples make this clear:
• In none of the disease cohorts we tracked were more than 68% exposed to an evidence-based drug in any given year (data not shown for 2007).
ler medications. Fewer than 35% of users of these drugs maintained PDC ≥ 0.8 in any year, with rates between 25% and 30% for those with concomitant diabetes and heart failure.
Our findings indicate that had the modal 2011 MTM eligibility criteria been applied in the 2006-2008 period, few beneficiaries would have been targeted for intervention (the actual MTM criteria in place during these years were much more stringent than the 2011 criteria). 29 More striking is the fact that those who would have been selected had systematically better use and adherence with evidence-based medications compared with those who failed on 1 or more of the individual criteria used to establish MTM eligibility. It is possible that actual MTM interventions were partially responsible for this observed pattern, but a more plausible explanation lies in the • Controller medications are the mainstay for reducing hospitalizations for acute exacerbations of COPD, 26 yet only half of beneficiaries with COPD received a single controller medication in any year.
• ACE-inhibitors and ARBs are recommended in treatment guidelines for both diabetes and CHF, 24 ,25 yet a third with both diseases failed to receive these drugs in any year.
The evidence regarding drug adherence among users of evidence-based medications was even more troubling:
• In none of the disease cohorts did more than 62% of beneficiaries maintain adherence rates above PDC ≥ 0. 
Percentage of Disease Cohorts with Evidence-Based Medication Use by MTM Eligibility Criteria and Year

Limitations
Our findings should be reviewed in the light of several limitations. First, we did not have information regarding which beneficiaries in our study cohorts actually received MTM services between 2006 and 2008. Although we are reasonably certain that few beneficiaries we classified as "failing to meet the modal 2011 MTM criteria" received MTM interventions given that the drug spending criterion set by CMS was $4,000 prior to 2010, we can assume that some fraction of those above these eligibility thresholds did receive MTM services.
Second, we had no way of knowing either the form or the effectiveness of MTM interventions in improving medication utilization patterns among those receiving interventions during the study period. As previously noted, some of the difference in the utilization patterns we observed between the 2 underlying relationship between MTM targeting criteria and drug utilization patterns. We found that higher levels of drug spending, comorbidity counts, and medication fills were all positively associated with exposure to evidence-based medications. Thus, limiting MTM eligibility to beneficiaries meeting relatively high threshold levels on each criterion is guaranteed to select a group of beneficiaries with drug exposure rates higher than the population average.
We discovered that the most restrictive of the 2011 modal criteria is the requirement that beneficiaries take 8 or more different chronic Part D drugs. Because Part D plans are not required to set the threshold that high, one must assume they do so in order to limit the number of enrollees offered MTM services. Were plans to lower the drug count threshold to the federal minimum of 2, we estimate that MTM eligibility would increase by almost two thirds. 
Percentage of Evidence-Based Drug Users with PDC ≥ 0.8 by Drug Class and MTM Eligibility Criteria and Year
groups may be due to effective interventions, but our analysis suggests that Medicare beneficiaries who take more chronic care medications overall are more adherent to evidence-based guidelines for specific diseases irrespective of MTM review. This interpretation is consistent with research showing a positive association between drug adherence and total prescription fills for persons with various chronic diseases.
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A third potential limitation is that we modeled MTM eligibility under the modal 2011 Part D plan using a minimum of 8 different drugs in any given month. Our review of plan eligibility criteria suggested that another common threshold was 8 different drugs per quarter. To see if using this threshold would change our study results, we re-analyzed our data using the less stringent criterion and discovered that it made no substantive difference.
Fourth, we restricted the analyses to exposure and adherence to evidence-based medications and did not address other drug-related problems that MTM reviews are designed to address. We consider evidence of use and adherence with guideline-recommended therapies to be the keystone of any comprehensive medication review process. Adverse outcomes from underuse of essential medications are a significant contributor to avoidable hospitalizations and have been shown to be more important than medication errors in driving emergency services. 30 Also, many drug problems including drugdrug interactions, incorrect drug dose or duration of therapy, therapeutic duplication, age/gender-related contraindications, and prescribing of harmful or inappropriate medications are best captured at point of sale rather than waiting for MTM review. Federal regulations require that Part D plans have concurrent drug utilization review screening programs designed to catch such problems at the point a prescription is dispensed. In addition, every Part D plan must have an internal Medication Error Identification and Reduction (MEIR) process designed to collect information on medication errors and resolve them. Given these other safeguards, the primary role of MTM should be to evaluate the patient's entire medication regimen, focusing on indications where there is no drug, adherence with indicated drugs, drugs for which there is no indication, and possible failures of the drug screening programs to catch problematic interactions or errors. A final limitation is that we reviewed medication regimens for enrollees in stand-alone prescription drug plans and were unable to assess adherence patterns for MAPD enrollees. It has been argued that managed care plans have a greater incentive to effectively manage medications because they stand to gain from cost offsets associated with optimal drug use. 31 However, that proposition has yet to be confirmed.
■■ Conclusions
Our findings suggest that current MTM eligibility criteria are not optimally targeted to capture underuse of and poor adherence to evidence-based medications for prevalent chronic diseases in the elderly. This is not to suggest that the criteria be reversed to focus only on beneficiaries with suboptimal medication utilization behaviors. MTM reviews address other medication-related problems that may also be associated with drug spending, comorbidity, and medication counts, although that presumption should be formally assessed.
We do worry that current MTM eligibility criteria systematically exclude review of beneficiaries falling below any 1 of the 3 criteria thresholds. This is a policy concern because, based on our analysis, low spenders taking fewer medications tend to be least likely to receive evidence-based medication, and those who do tend to be least adherent. Patients who do not qualify for MTM could benefit from improved adherence, including those with fewer chronic conditions and lower spending and drug counts. At a minimum, policymakers and plan sponsors should weigh the pros and cons of loosening restrictive MTM eligibility criteria to target patients with potentially greater needs. The most recent CMS draft Call Letter, which provides guidance to Part D sponsors as they design plan offerings for the upcoming year, encourages plans to look beyond the minimum eligibility criteria and offer MTM to a broader population of beneficiaries who could benefit from these services, including beneficiaries who have filled at least 1 prescription for an antihypertensive medicine. 32 Given that we found suboptimal use among low utilizers for all 3 conditions in our study, we recommend that CMS consider further encouraging participating plans to lower their Part D drug count thresholds for patients with any qualifying chronic condition.
The significant declines we observed in use of evidencebased medicines over time represent another source of concern as beneficiaries who initially qualify for MTM services in one year may become ineligible in the future if their medication counts or drug spending fall below the eligibility thresholds. Allowing for continuous MTM qualification is one way to target beneficiaries most at risk for therapy discontinuation.
Ultimately, the question of how MTM services are best targeted depends on who can benefit most from intervention. The evidence base on this issue is extremely thin. Early reviews of Medicare MTM effectiveness detail widely divergent approaches, but empirical evidence of success remains limited. [6] [7] [8] [9] The Part D drug benefit has increased utilization of prescribed medications for millions of Medicare beneficiaries, particularly for those without drug coverage prior to 2006. [33] [34] [35] Future research needs to focus on the degree to which this support has fostered appropriate use of evidence-based medications. In particular, empirical research is needed to determine whether MTM programs reduce gaps between evidence-based standards and patterns of medication use in the Medicare population. These studies should address the relative efficacy of different approaches to MTM and how best to target such services.
